Escherichia coli clonal group A (CGA) causes urinary tract and other extra-intestinal infections in humans. CGA is an important cause of trimethoprim/sulfamethoxazole (SXT) resistance in extraintestinal pathogens. We examined the extent to which resistance in this area is related to CGA dissemination of E. coli from urinary tract infections (UTIs) in Mexico City. The virulence backgrounds of the isolates were also characterized. In this study, the frequency of resistance to SXT used for UTI treatment was high (56-65 %), and CGA isolates accounted for 9 of the 78 SXT-resistant isolates (11.5 %). Although all CGA isolates were found to be multidrug resistant (MDR), none of them were extended-spectrum b-lactamase-producing organisms. The prevalence of CGA among the 45 MDR isolates that we identified was 20 %, indicating that this clonal group moderately contributes to the antibiotic resistance of uropathogenic E. coli isolates in this region. Most of the nine CGA isolates carried transferable, large-size plasmids of approximately 80 to 100 kb, which were able to transfer antimicrobial resistance to E. coli J53 in mating assays. CGA isolates mainly belonged to phylogenetic groups F and D. We found no association between antimicrobial resistance and virulence-associated genes: the median virulence scores of CGA isolates were slightly higher (4.6) than those of non-CGA isolates, whether they were susceptible (3.7) or resistant (3.5) to SXT. Our results indicate that CGA is not a major contributor to the high level of resistance to SXT in this region but, instead, seems to be an important constituent of MDR isolates from UTIs.
INTRODUCTION
The treatment of urinary tract infections (UTIs) has become increasingly challenging to manage because of the rising prevalence of uropathogenic E. coli (UPEC) isolates that are resistant to first-line antibiotics (Russo & Johnson, 2003) . Many studies have reported a trend of increasing resistance against trimethoprim/sulfamethoxazole (SXT) (Sahm et al., 2001; Nys et al., 2006) , fluoroquinolones and other antibiotics, including ciprofloxacin (CIP) (Karlowsky et al., 2006; Park et al., 2006) . Multidrug-resistant (MDR) E. coli clones causing UTIs are increasingly being reported all over the world Coque et al., 2008; Blanco et al., 2011) . Previously, we have shown a high prevalence of UPEC isolates resistant to ampicillin (AMP) (83.7 %), CIP (55.5 %) and SXT (56.4 %) in outpatients from Mexico City, and among these isolates, approximately 11 % were identified as E. coli O25-ST131 clones (MolinaLópez et al., 2011) . E. coli ST131 is an example of a clonal group that combines resistance-and virulence-associated genes, and this property may be linked to its successful dissemination in hospitals and community settings worldwide (Johnson et al., 2010) . Manges et al. (2001) reported that one clonal group of MDR E. coli accounted for 40 % to 50 % of E. coli isolates resistant to SXT derived from community-acquired UTI outbreaks in North America. This clonal group, termed clonal group A (CGA), has subsequently been recovered from women with cystitis, pyelonephritis and bloodstream infections from several regions of North America and Canada Manges et al., 2004) . Subsequently, in 2011, Johnson et al. (2011) IP: 54.70.40.11
On: Mon, 28 Jan 2019 21:27:33 reported a worldwide endemic distribution of CGA with considerable prevalence in the Western world. However, data related to CGA distribution in Latin America are limited to some South and Central American cities, particularly Rio de Janeiro, Brazil (Dias et al., 2009) . CGA isolates are derived from phylogenetic group D and belong to multilocus sequence typing ST69, exhibit distinctive O groups (O11, O17, O73 and O77; Tartof et al., 2005) , possess a conserved virulence-associated gene profile and are often resistant to SXT (Johnson et al., 2005; Dias et al., 2009) . The success of these epidemic clones suggests a link between antimicrobial resistance and virulence (Da Silva & Mendonça, 2012) . The most commonly accepted view is that resistance to fluoroquinolones is linked to a loss of virulence-associated genes (Drews et al., 2005) . However, more in-depth molecular studies focusing on the genetic relationship between antimicrobial resistance and virulence determinants are needed to fully understand the interplay between resistance and virulence genes (Da Silva & Mendonça, 2012) . Because CGA has considerable implications for public health, the present study examined the extent to which antibiotic resistance is related to the CGA distribution of UPEC in this region. Some virulence properties of CGA were also investigated. In addition, we assessed how resistance to CIP and SXT relates to virulence-associated genes.
METHODS
Isolates. E. coli clinical isolates were obtained from urine samples from the same number of outpatients with uncomplicated UTIs (n=119). Samples were obtained from three community hospitals across a wide geographical area of Mexico City: The Dr Gonzalo Castañeda Hospital, Dr Manuel Gea Gonzalez Hospital and The Hospital of Mexico. Between 2010 and 2013, urine samples were collected from adult outpatients between 10 and 70 years of age. Biochemical identification of E. coli species was determined with Vitek Automated System 32 (bio-M erieux). Serotyping was carried out by agglutination assay using all available O (O1-O181) antisera, as described previously by MolinaLópez et al. (2011) .
Antimicrobial susceptibility. Commonly prescribed antibiotics for UTIs were selected to determine the patterns of antimicrobial resistance in E. coli isolates. More than one antibiotic in each family was tested. Meropenem was used to test whether isolates acquired or developed resistance to this last-resort antibiotic. None of the selected antibiotics are banned in Mexico. Seventeen antimicrobial agents were tested by the disc diffusion method in accordance with the Clinical and Laboratory Standards Institute (CLSI, 2012) . Antibiotics were used at the following concentrations: 30 µg ml À1 amikacin, 30 µg ml À1 amoxicillin/clavulanic acid (AMC), 10 µg ml À1 AMP, 100 µg ml À1 carbenicillin, 30 µg ml À1 cefazolin, 30 µg ml À1 cefepime, 30 µg ml À1 ceftazidime (CAZ), 30 µg ml À1 ceftriaxone, 30 µg ml À1 cefuroxime (CXM), 5 µg ml À1 CIP, 10 µg ml À1 gentamicin (GEN), 10 µg ml À1 meropenem, 300 µg ml À1 nitrofurantoin, 100 µg ml À1 piperacillin, 7.5/85 µg ml À1 ticarcillin/clavulanic acid, 25/475 µg ml À1 SXT and 10 µg ml À1 tobramycin (antimicrobial susceptibility discs; Oxoid). The results were interpreted using previously described procedures (CLSI, 2012) . E. coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as controls. Multidrug resistance was defined as resistance to three or more different classes of antibiotics. The double-disc synergy test was used to identify potential extended-spectrum b-lactamase (ESBL) producers. The test was performed on agar with a 30 µg disc of cefotaxime (and/or ceftriaxone and/or ceftazidime) and a disc of amoxicillin-clavulanate (containing 10 µg of clavulanate) positioned at a distance of 30 mm (centre to centre), i.e. at the distance provided by several types of disc dispenser. The test is considered to be positive when a decreased susceptibility to cefotaxime, ceftriaxone and/or ceftazidime is combined with a clear-cut enhancement of the inhibition zone of cefotaxime and/or ceftriaxone and/or ceftazidime in front of the clavulanate-containing disc, often resulting in a characteristic zone shape referred to as a 'champagne-cork' or 'keyhole' (Jarlier et al., 1988; CLSI, 2014) .
Virulence genotyping and phylogenetic groups. Ten virulenceassociated genes, which have been shown to contribute to the establishment of infections, were detected by the use of PCR. E. coli isolates were grown in Luria-Bertani (LB) broth at 37 C overnight. Bacteria were pelleted from 1.5 ml of LB culture, suspended in 200 µl of sterile distilled water and boiled for 10 min. Following centrifugation of the lysate, a 150 µl sample of the supernatant was stored at À20 C as a template DNA stock (Le Bouguenec et al., 1992) . Specific primers were used to amplify and detect 10 virulence-associated genes: sat, hly, cnf1, papC, aer, sfa, fimH, afaC, iroN and iutA. The PCR conditions were set as previously described (Le Bouguenec et al., 1992; Kuhar et al., 1998; Ruiz et al., 2002; Ons et al., 2007 ). An aggregate virulence score was calculated as the sum of all virulence-associated genes (afa, fimH, papC, hly, cnf1, sat, aer, iroN, iutA and uropathogenic O antigen) for which the isolates tested positive. Phylogroups were determined utilizing the new quadruplex PCR methods (Clermont et al., 2013) .
Detection of CGA isolates. The 119 E. coli isolates were screened by PCR for a CGA-associated single-nucleotide polymorphism in fumC (Johnson et al., 2004a) . E. coli reference strains 46 and 47 were used as negative and positive controls, respectively (Johnson et al., 2004a) . Other negative controls used were the non-CGA pyelonephritis isolate CFT073 (O6 : K2 : H1) and enteropathogenic E. coli E2348/69. Sequencing of the amplified PCR products from positive CGA isolates was performed in a Model 3130xl sequencer (Laboratory of Molecular Biochemistry, FES Iztacala at the National Autonomous University of Mexico, UNAM). The nucleotide sequences were analysed using ChromasPro programme 1.5 (Technelysium). Identification was carried out using BLAST at the National Center for Biotechnology Information. Sequence alignment was performed by BioEdit Sequence Alignment Editor 7.0.5.2.
Plasmid DNA and conjugation. Bacterial cultures from nine clinical isolates and control strains were grown overnight in LB at 37 C under shaking conditions. Plasmid DNA was extracted by the alkaline lysis procedure (Sambrook et al., 1989 ) using a Qiagen mini-prep kit (Qiagen) and then electrophoresed on 0.5 or 0.7 % agarose gels with a highrange DNA ladder (GeneRuler; Fermentas), E. coli E2348/69 (plasmid pMAR2 97.9 kb) and E. coli UTI89 (pUTI89 114.2 kb). Bands were detected by ethidium bromide staining. Conjugation mating was performed as described by Miller (1992) . Azide-resistant E. coli J53 was used as the recipient strain, and transconjugants were selected on LB plates containing sodium azide (100 mg l
À1
) and SXT (1.5-30 mg l À1 ). Phenotypic resistance was analysed on LB agar plates with seven different types of antibiotics: AMP, AMC, SXT, CIP, CXM, CAZ and GEN.
Biofilm formation assay. Biofilm formation assays were performed using a previously described method in 96-well, round-bottomed, microtitre plates (Nunc) (O'Toole et al., 1999) . Briefly, overnight LB cultures were diluted at a ratio of 1 : 100 in M9 minimal media (Miller, 1972) . Two-hundred microlitre aliquots of each dilution were then dispensed into a microtitre well plate and incubated without shaking at 37 C for 48 h. The medium was then poured off, and the plates were washed with PBS. Microplates were then stained with 200 µl of 0.1 % (w/v) crystal violet for 30 min, washed to remove unbound dye and airdried for 1 h. After drying, adherent cells were resolubilized with 200 µl IP: 54.70.40.11
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Statistical analyses. For statistical analysis, the P value was calculated by comparing the frequencies of the four phylogenetic groups and MDR isolates using Epidat statistical software (version 3.1). P<0.05 was considered statistically significant.
RESULTS

Detection and characteristics of CGA isolates
Of the 119 E. coli isolates studied, 67 (56 %) were resistant to CIP whereas 78 isolates (65.5 %) were resistant to SXT. Forty-five isolates were resistant to at least three antimicrobials from different structural classes and were therefore designated as MDR. We then wanted to determine whether there were members of CGA among these SXT-resistant isolates. According to CGA-specific PCR, CGA accounted for 9 (11.5 %) of the 78 SXT-resistant isolates (Fig. 1) . The nine CGA isolates were all MDR: all of them were resistant to SXT and AMP, seven isolates were resistant to CIP and four were resistant to GEN (Table 1) . Although two were resistant to cephalosporins, none were ESBL-producing organisms, as evaluated by the double-disc diffusion test. The nine CGA members belonged to different phylogenetic groups, the predominant one being F (four isolates), followed by D (three isolates); C and B1 each had one isolate per group. CGA isolates belonged to the following serogroups: O25, O24, O77 and O164; two isolates were O8; two isolates were non-typeable because they did not react with any of the 186 antisera used; and one isolate was rough (OR) because it reacted non-specifically (Table 1) .
Six CGA isolates showed a uniform virulence profile that included sat, aer, fimH, iron and iutA and, of these, sat occurred more frequently among CGA isolates than non-CGA SXT-resistant or SXT-susceptible isolates, differences that were statistically significant in both cases ( Table 2) . The median virulence score for these CGA isolates was 4.6, which was slightly higher than that of non-CGA SXT-resistant isolates, which had a median score of 3.7, and that of SXT-susceptible isolates, which had a median score of 3.5 ( Table 2 ).
The CGA isolates were examined for the presence of plasmids and for their ability to cause biofilm formation. Eight of the nine isolates contained large-size plasmids of approximately 80 to 100 kb. Five of these isolates were able to transfer SXT resistance to recipient E. coli J53 in plasmid conjugation experiments. The resultant transconjugants acquired resistance not only to SXT but also to AMP, CIP, AMC and, to a lesser extent, cephalosporin CXM, which produced intermediate results using test discs.
The ability to form biofilms is important for environmental survival and is a determining factor of virulence in pathogenic bacteria. Quantitative biofilm formation assays performed on nine CGA isolates showed that most of the isolates were capable of producing strong or moderate biofilms in M9-defined growth medium. The average optical density produced by six isolates was strong (!0.8), that of two isolates was moderate (0.4-0.79) and one was not able to form a biofilm (<0.015).
Virulence genotype of UTI isolates in relation to antibiotic resistance Table 3 shows the distribution of virulence-associated genes in relation to the SXT and CIP phenotypes among the 119 UTI isolates. SXT-susceptible and SXT-resistant isolates exhibited very similar virulence scores (3.6 and 3.8), which were slightly higher for resistant isolates. However, CIP-susceptible isolates had a higher virulence score (4.3) than the resistant isolates (3.3). Only four virulence-associated genes (papC, sfa, cnf1 and iroN) were statistically significantly more prevalent among susceptible than resistant isolates (Table 3) .
DISCUSSION
In Mexico City, resistance of UPEC isolates to SXT is very common, with approximately 56 % to 60 % of UPEC isolates obtained from ambulatory patients with resistant UTIs (Guajardo-Lara et al., 2009; Molina-López et al., 2011; López-Banda et al., 2014) . In this study, resistance to SXT remained high at 65 %. In general, susceptibility rates to SXT vary significantly from country to country; for example, in France and Hungary, resistance has been shown to be 12.2 and 40.4 %, respectively (Schito et al., 2009) . Developing countries tend to have higher rates of antibiotic resistance; the resistance rates to SXT in Pakistan and Syria were reported to be close to 80 % (AlAssil et al., 2013; Ali et al., 2014) . In some regions over the last decade, antimicrobial resistance-associated clonal groups of E. coli causing UTI within the community have been identified (Boczek et al., 2007; . In this study, we found that 9 of the 78 isolates (11.5 %) resistant to SXT were members of the CGA clonal group, indicating that this group is not a major contributor to Table 2 . Distribution of virulence-associated genes and SXT phenotype of E. coli CGA isolates compared to non-CGA isolates from UTI the high levels of resistance to SXT in UPEC in Mexico City. In the USA, CGA isolates accounted for 13 % to 15 % of all SXT-resistant E. coli (Johnson et al., 2005 (Johnson et al., , 2011 . However, among our 45 MDR isolates, the CGA group prevalence was 20 %, indicating that this clonal group contributes moderately to the antibiotic resistance of UPEC isolates in this region. As in other studies (Johnson et al., 2005; Skjøt-Rasmussen et al., 2013) , we found a strong association between CGA and resistance to SXT and AMP (100 %) and, to lesser extent, to CIP. However, none of our CGA isolates exhibited resistance to extended-spectrum cephalosporins. It is interesting that CGA isolates typically exhibit resistance to multiple antimicrobial agents, but so far, they are susceptible to extended-spectrum cephalosporins (Johnson et al., 2005) . In other words, isolates of the CGA clonal group have not been able to acquire ESBL-encoding genes. The results from the current study showed that the prevalence of CGA among all 119 isolates was low (7.5 %), which agrees with similar results reported in other regions, such as Australia/New Zealand, Europe and North/Central America (Johnson et al., 2011) . Another clonal group that was previously identified in Mexico City from outpatients with UTI is O25-ST131. This group had a prevalence of 11 % and was responsible for 19.6 % of SXT resistance (Molina-López et al., 2011) , indicating that both clonal groups (CGA and O25 ST-131) combined accounted for 31 % of all SXT-resistant E. coli in Mexico City. In contrast to CGA, O25-ST131 contains the most frequent ESBL-producing isolates, accounting for 47 % to 56 % of ESBL-producing E. coli in the USA (Johnson et al., 2012; Chen et al., 2014) and 78 % in Canada . In this study, we report for the first time the presence of CGA causing community-acquired UTIs in
Mexican patients. Although the number of isolates is small, our data allow us to estimate the proportion of UTIs caused by CGA in the community. Previous findings on E. coli from human isolates indicated a negative association between antimicrobial resistance and virulence factors, with high inferred virulence among isolates of the B2 phylogenetic group (Picard et al., 1999) . Some studies have shown that, according to clinical features, virulence factors and antibiotic resistance profiles, some resistant E. coli strains tend to be less virulent than susceptible isolates (Johnson et al., 2004b) . When we analysed all 119 isolates and compared their resistance to SXT and CIP with their virulence potential, the results showed that both susceptible and resistant isolates had similar virulence scores (Table 3 ), suggesting that antimicrobial resistance could be compatible with certain isolates that carry virulence-associated genes, such as the successful clonal groups O25-ST131 and CGA. Although it was not statistically significant, the nine CGA isolates exhibited a median virulence score that was slightly higher (4.6) than the non-CGA isolates that were either resistant (3.7) or susceptible (3.5) to SXT (Table 2 ). Our findings suggest that even though CGA isolates are multidrug resistant, they still retain their virulence characteristics. One of the features associated with virulence that is common to most CGA isolates is the presence of large conjugative plasmids (Manges et al., 2001; . Our results also showed that most of the CGA isolates presented large plasmids and, even more importantly, that these plasmids were able to transfer resistance to SXT, AMP, CIP and AMC in conjugation assays. These antimicrobial resistance plasmids could be one of the relevant virulence traits of the CGA isolates that contribute to the global dissemination of this MDR clonal group. CGA traditionally belongs to phylogenetic group D. However, contrary to what we expected, we found that six of the nine CGA isolates did not belong to phylogenetic group D; rather, they belonged to phylogenetic groups F (four isolates), C (one isolate) and B2 (one isolate). These new phylogenetic groups for CGA were detected using the updated quadruplex PCR Clermont method, which recognizes eight different phylogroups (Clermont et al., 2013) .
As previously reported (Skjøt-Rasmussen et al., 2013), we found that sat (a virulence-associated gene) occurred more frequently among CGA isolates than among non-CGA isolates. The role of the secreted autotransporter toxin SAT in UTI has not been clarified. However, experiments in infected mice showed that the SAT toxin caused significant changes within the kidneys, including dissolution of the glomerular membrane and vacuolation of tubule cells (Guyer et al., 2002) . The ability of CGA isolates to produce biofilms reported here might be important for the dissemination of this clonal group; however, this must be tested further. One limitation of this study is the small number of CGA isolates characterized; however, the observations could be useful in future studies to clarify resistance determinants among E. coli isolates and to identify virulence determinants that contribute to the dissemination of clonal groups, such as O25-ST131 and CGA. In conclusion, we found that the circulating clonal composition (CGA and ST131) of UPEC in Mexico City can markedly affect the prevalence of drug-resistant strains and that the prevalence of clonal groups correlates with drug resistance prevalence. A better understanding of the modes of dissemination, pathogenicity and virulence mechanisms of CGA would likely assist in preventing the emergence of similar MDR virulent E. coli clones.
